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i s  t o  t r an sm i t  the  r e s u l t s  o f  the  Sa fe ty  A n a l y s i s  f o r  the 207C 
Pond and C1 a r i f i e r  p o r t  i o n  o f  the Accelerated S2! ar Pond S I  udg6 Removal 
P ro jec t  (ASPSRP) and a copy o f  the  c a l c u l a t i o n s  t ha t  support  t he  s a fe t y  
a n a l y s i s .  

DISCUSSION 
The Department o f  Energy (DOE) Order -5480.23, . "Nuclear Sa fe t y  A n a l y s i s  - .  

Repor t s " ,  r equ i r e s ,  i n  pa r t ,  t h a t  nuc lea r  fac.;1 i t i e s  perform o r  upgrade t h e i r  
S a f e t y  A n h l y s i s  Repo r t s  (SARs) t o  comply w i th  the  DOE Order. 
r equ i r e s  t h a t  a B a s i s  f o r  I n t e r im  Operat ions (BIO) be prepared f o r  the 
i n te r im  pe r i od  u n t i l  the  SAR i s  approved. 

The DOE Order 

There c u r r e n t l y  e x i s t s  a d r a f t  SA2 f o r  the 750/904 Pad tha t  assumes tha t  the 
waste form t o  be s t o r ed  on the  750 Pad w i l l  be pondcrete, produced from the 
s o l a r  pond s ludge,  o r  s a l t c r e t e  produced from the B u i l d i n g  374 evaporator 
concentrate.  On the  o the r  hand, the ASPSRP w i l l  remove and s t o r e  s o l a r  pond 
s ludge  and br ine/s ludge  mixtures  i n  10,000 g a l l o n  t ank s  on the  750 Pad. 

S i n ce  the  d r a f t  SAR d i d  not con s i de r  the s to rage  o f  s l udge  o r  b r i ne/ s l udge  
mixtures ,  t he  attached Sa fe ty  A n a l y s i s  (Attachment 1) eva lua te s  the  hazards 
a s soc i a ted  w i th  the se  operat ions  f o r  the 207C Pond and C l a r i f i e r  and 
concludes t h a t  these  ope ra t i on s  w i l l  be w i t h i n  the s a f e t y  envelope o f  the  
d r a f t  SAR. 
eva lua t i on  o f  the 207A/B Pono s ludge  removal. 
mod i f i c z t i o n s ,  i s  st i l l  appropr ia te  f o r  the 207C and C l a r i f i e r  b r ine/s ludge  
removal and s to rage  t a s k .  
a re  documented i n  c a l r u l a t i o n  nL..;ber 94-SAE-001. 
c a l c u l a t i o n  i s  attached (Attachment 2). 

A d r a f t  r e v i s e d  610 tha t  r e f l e c t s  the ASPSRP wits prepared fo r  the 
T h i s  B IO ,  with minor 

The c a l c u l a t i o n s  t h a t  suppor t  the  S a f e t y  A n a l y s i s  
A copy o f  the approved 

The B IO  w i l l  u l t ima te l y  be submitted t o  DOE a s  pa r t  o f  the r e v i s e d  Sa fe ty  
A n a l y s i s  Program Implementation P l an  f o r  DOE Order 5480.23. The BIO and 
suppo r t i ng  s a f e t y  a n a l y s i s  wi-11 superseded upon DOE approval o f  the  Graft 
SAE. The cu r ren t  est imated date fo r  submittal  o f  the  SAR t o  DOE i s  
Ju ly  1, 1994. 
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RESPONSE 
If you have any quest ions  o r  comments, p lease  contact  A .  C. S t a l k e r  a t  
X8484lDP7565. 
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2.0 

750 ?AD ACCELERATED SOLAR POND SLUDGE REMOVAL SAFETY ANALYSIS 
207C Pond and C l a r i f i e r  S o l u t i o n  Removal and Storage 

INTRODUCT MN 

The a c c e l e r a t e d  s o l a r  pond sludge removal program w i l l  remove sludge 
from t h e  s o l a r  ponds and s t o r e  t h e  sludge on t h e  750 Pad i n  10000 g a l l o n  
double walled polyethylene tanks .  
required  f o r  t h e  s torage  o f  t h e  207C Pond sludge and s o l u t i o n ,  and 3 f o r  
t h e  c l a r i f i e r  sludge and s o l u t i o n .  
Pond t o  reach a t o t a l  volume o f  450000 g a l l o n s .  The pond w i l l  be 
c i r c u l a t e d  t o  d i s s o l v e  as  much s a l t  as  p o s s i b l e  a n d  suspend t h e  
i n s o l u b l e  sludge.  This  s a l t  br ine  with suspended sludge w i l l  be sucked 
i n t o  a 13 cubic  meter ( 1 7  yd') truck,  dr iv ing  t h e  loaded truck t o  t h e  
s t o r a g e  tank ,  a n d  pumping t h e  br inefs ludge so lut ion  i n t o  t h e  tank.  This  
opera t ion  w i l l  be repeated u n t i l  t h e  D o n d  i .  emDty. T h o  c l a r i f i e r  will 
be s t i r r e d  u n t i l  t h e  br ine  s o l u t i o n  and sluoge i s  thoroughly mixed arad 
then t h e  mixture w i l l  be sucked i n t o  t h e  truck, driven t o  t h e  s torage  
t a n k ,  and pumped i n t o  t h e  tank.  This  operat ion w i l l  cont inue u n t i l  t h e  
c l a r i f i e r  i s  empty. Twenty-three tanks w i l l  have c l ready  been f i l l e d  
with t h e  sludge from t h e  207A/B Ponds. 

A minimum o f  45 tanks  w i l l  be 

Water w i l l  be added t o  t h e  207C 

DESCRIPTION OF EQUIPRENT 

The vacuum truck i s  c a l l e d  t h e  "Guzzler"  and operates  with a Dresser  o r  
Hargreaves P o s i t i v e  Cisplacement Vacuum Pump ra ted  a t  380 mm ( 1 5 " )  o f  Hg 
and 5141  CFM a t  f u l l  vacuum. 
Cleanbore Body, designed f o r  maximum separat ion of heavier  ma$eria ls  
from t h e  a i r  stream. The payload c a p a c i t y  i s  ra ted  a t  3 2 . 2  m ( 1 6  yd").  
I t  has four removable 36" t o p  mounted c e n t r i f u g a l  separators  with easy 
a c c e s s  c lean-out  p o r t s  t o  insure  maximum separat ion o f  mater ia l  and dust  
from a i r  stream p r i o r  t o  t h e  bagnouse s t a g e  f i l t r a t i o n .  
has 60 a c r y l i c  coated f i l t e r  bags w i t h  an automatic bag puls ing f e a t u r e .  
I t  has a s t a i n l e s s  screen  f i t t e d  in t h e  vacuum tube make-break 
connect ion a s  a f a i l - s a f e  b a r r i e r  t o  any pump damaging m a t e r i a l .  

The t ruck  has a 13  cubic  meter ( 1 7  yd3) 

The baghouse 

The truck w i l l  be driven t o  t h e  s o l a r  p o n d .  The t r u c k  mounted suct ion  
hose w i l l  be at tached t o  a boom mounted extension hose and c o j l e c t i o n  
wand a t  t h e  s o l a r  pond. The truck w i l l  be loaded with 1 2 . 2  m of 
s ludge.  h'hen t h e  truck i s  f u l l  t n e  hcse w i l l  be sucked empty. The boom 
extens ion  wjll be disconnected and a cap will be i n s t a l l e d  f o r  t h e  trip 
t o  t h e  7 5 0  Pad. The truck w i l l  then be driven t o  t h e  750 Pad. 

Each s torage  tank s e t  w i l l  c o n s i s t  o f  a c losed  primary tank 13 '6"  in 
diameter  i n s i d e  of a 1 4 '  secondary open top containment t a n k ,  w i t h  a 
maximum c a p a c i t y  oi 11500 g ; l l c . > s .  The working volume i s  1OOCC g a l l o n s .  
60th tanks  a r e  constructed o f  high dens i ty  c ross l inked po1yethy;ene.  
The wall  th ickness  " s  c a l c u l a t e d  for l h e  appropriate  hoop z i r e s s  for 
sludge u p  i o  a s p e c - . f i c  g r a v i t y  of i . 9 .  
provided t o  d e t e c t  l e a k s  from t h e  primary t a n k  i n t o  t h e  secondary 

k l eak  d e t e c t i o n  system i s  
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containment t ank .  Twenty o f  these  tank  s e t s  w i l l  be i n  Tent 3 ,  22  tanks  
i n  Tent 4 ,  and 29 tanks  i n  Tent 6 .  The tanks w i l l  be l oca ted  on both 
s i d e s  o f  the ten t  w i th  s u f f i c i e n t  a i s l e  space between the tanks  t o  d r i v e  
the t r a n s f e r  t r u c k .  

The vacuum t r u c k  w i l l  be backed i n t o  the ten t  t o  the tank  t o  be f i l l e d .  
A s ludge  pump, ra ted  a t  200 gpm maximum, w i l l  be connected t o  the 
po lyethy lene  tank w i rh  a th ree  inch  l i n e .  I t  w i l l  take from 16 t o  30 
minutes t o  empty the t r u c k  i n t o  a tank.  
approximately 10000 g a l l o n s  o f  s ludge  o r  b r i ne  s o l u t i o n .  
then be d r i ven  back t o  the s o l a r  pond f o r  the next l oad .  

Each tank  w i l l  be f i l l e d  w i th  
The t r u c k  w i l l  

ACCIDENTS 

3.1 DRAFT SAFETY ANALYSIS REPORT FOR THE 750 AND 904 PADS 

k D r a f t  Sa fe t y  k n a i y s i s  Repor: (SAP,) fo r  the 750 and 904 Pads 
Temporary Pondcrete and S a l t c r e t e  S to rage  F a c i l i t i e s  was w r i t t en  
w i th  the  expected waste form as  pondcrete o r  s a l t c r e t e  i n  h a l f  
t r i p l e -wa l l  body package ( t r i w a l l  box),  h a l f  f lush-panel plywood 
box ( h a l f  box), f u l l  f lush-panel plywood box ( f u l l  box),  and 
cor rugated  metal waste con ta ine r  (metal c r a t e ) .  The Hazard 
C l a s s j f i c a t i o n  f o r  the f a c i l i t y  was ca l cu l a ted  based on a smal l  
a i r p l a ne  c ra sh  i n t o  the f a c i l i t y  w i th  the r e s u l t a n t  r e l e a s e  due t o  
impact, f i r e ,  and entrainment r e l e a s e  o f  hazardous chemicals  and 
r ad i onuc l i d e s .  The f a c i l i t y  was designated as  Gategory 3 .  The 
t o t a i  quan t i t y  o f  mater ia l  i n vo l ved  was 1 . 7 1 ~ 1 0 '  k i l o g rams .  w i th  a 
t o t a l  80 kcj o f  pondcrete re l ea sed  i n t o  the atmosphere. The 
chemical composit ion o f  the pondcrete was based on the 95th 
pe r cen t i l e  of 19 samples analyzed f o r  a v a r i e t y  o f  hazardous 
con s t i t uen t s  f o r  pondcrete produced from the 207A Pond. 

Three bounding acc ident s  were evaluated i n  the 750/904 Pads SAR 
f o r  a s s e s s i n g  the consequences o f  these acc iden t s .  

1) 

They were: 

A s p i l l  of 5 . 1 2 ~ 1 0 ~  kg of pondcrete over a f i v e  minute 
pe r i od  r e l e a s i n g  0 .034  kg o f  mater ia l  t o  the atmosphere. 

A 30 minute f i r e  i n v o l v i n g  2 . 1 5 ~ 1 0 ~  kg o f  pondcrete 
r e l e a s i n g  0 .9  kg o f  mater ia l  t o  the atmosphere, and 

A 2 hour f i r e  i n vo l v i n g  1 . 8 9 ~ 1 0 ~  kg o f  pondsrete r e l e a s i n g  
7 . 6  kcj o f  mater ia l  t o  the atmosphere. 

2) 

3 )  

Table 1 present s  a summary o f  the  r e s u l t s  f o r  the r a d i o l o g i c a l  and 
chemical hzzard a n a l y s i s  c a l c u l a t i L n s  from the d r a f t  SAR.  

3.2 EARLY REMED IAT IX -  SF SOLAR PONDS ACC I D  ENT ANALY S 1 S 

E;)-:? re rned 'b t ion  o f  the sola!- p o n d s  will move the contents o f  tne 
ponds t o  tanks i n s t a l l e d  i n s i d e  o f  l en t :  on the 750 Pza. The 
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t o t a l  quan t i t y  o f  A/B/C Pond and C l a r i f i e r  s ludge/brine water 
mixture t h a t  w i l l  be placed i n  s to rage  on the 750 Pad i s  
approximately 3 . 5 ~ 1 0 ~  kg.  The s l udge  o r  b r ine/s ludge  mixtures  
w i l l  occupy 5 minimum o f  7 1  o f  the 10000 g a l l o n  j to rage  
c on t a i ne r s .  
The a i r c r a f t  s cena r i o  used i n  the bounding SAR ana!ys istwas not 
repeated f o r  the tanks  of s ludge.  
t o t a l  mater ia l  i n  the  t ank s  r ep re sen t s  approximately 21  percent o f  
the  t o t a l  mater ia l  i nventory  ( i . e . ,  1 . 7 ~ 1 0  kg) assumed t o  be 
i nvo l ved  i n  the a i r c r a f t  c r a sh  and ensuing f i r e .  I n  add i t i o n ,  
u n l i k e  pondcrete, the water content o f  the s ludge  and b r i n e  
s o l u t i o n  would act  t o  i n h i b i t  f i r e  p ropagat ion.  A s  a r e s u l t  o f  
the placement o f  the  tanks  on the 750 Pad, the actual  pondcrete 
capac i t y  i s  d imin i shed  from tha t  assumed i n  the SAR a n a l y s i s ,  
making the  SAR a n a l y s i s  more con se rva t i ve .  Therefore,  the p lane  
c r a s h  i n t o  the ponacl-ete i s  judged t o  bound a c ra sh  i n t o  the  
tanks  . 

The est imated 3 . 5 ~ 1 0  kg o f  

Two acc idents  are evaluated i n  d e t a i l  f o r  each o f  th ree  
br ine/s ludge  s o l u t i o n  types  tha t  may be t r an spo r ted  t o  determine 
i f  the consequences are w i t h i n  tho se  determined f o r  t he  bounding 
acc iden t s  presented i n  the D r a f t  SAR. They a re :  

1) The s p i l l  of the e n t i r e  contents o f  one 10000 g a l l o n  
con ta ine r  i n s i d e  o f  the  ten t  s t r u c t u r e .  T h i s  would i n vo l v e  
up t o  5 . 9 ~ 1 0 '  kg of pond s ludge  r e l e a s i n g  0 .11  kg t o  the  
atmosphere and 

2)  The s p i l l  o f  the e n t i r e  contents o f  the vacuum t r u c k  onto 
the  ground ou t s i de  o f  the ten t  s t r u c t u r e .  T h i s  would 
i n vo l ve  up t o  2x10' kg o f  pond s ludge  r e l e a s i n g  up t o  0.04  
kg t o  the atmosphere. 

The th ree  s o l u t i o n s  t ype s ,  f o r  which c a l c u l a t i o n s  are made, are 
pure l i q u i d  s o l u t i o n  from the 207C Pond, concentrated b r i ne  with 
5% suspended s o l i d s  from the  207C Pond, and the br ine/s ludge  
mixture  from the c l a r i f i e r .  

The r e s u l t s  o f  the hazard a n a l y s i s  c a l c u l a t i o n s  a r e  g i v en  i n  Table 
1 f o r  comparison w i th  the  D r a f t  SAR c a l c u l a t i o n s .  

3.2.1 WASTE CHARACTERIZATION 

Waste c ha r a c t e r i z a t i o n  f o r  the Accelerated S l u d g e  Rem3val  Program 
i s  based on severa l  r epo r t s  as f o l l ow s :  

1)  Pond Sludge h'aste Cha rac te r i za t i on  Report and C l a r i f i e r  
S1 udge k'zste Cha rac te r i za t i on  Report fo r  EGGrG Rocky F1 a t s  
Prepared by H a l l i b u r t o n  NUS Environmental Corporat ion ,  March 
1992 

2) Gjeston Report 
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3) Opti-ons Analysis Report for the Accelerated Sludge Removal 
P r o j e c t ,  Final Report, 23435366 Under MTS 225456RR, Prepared 
by ICF Kaiser Engineers, Inc. July 26 ,  1993. 

The Weston a n d  Halliburton/NUS chemical character izat ion data for 
the 207C Pond was treated together a n d  a s i n g l e  conservative 
composition was calculated for the brine solution concentration 
and a s ingle  average composition for the sludge. There were no 
Weston data for the c l a r i f i e r  so the Halliburton/NUS d a t a  were 
used. 

3 . 2 . 2  RELEASE FRACTIONS 

Release f r a c t i o n s  f o r  the s p i l l i n g  o f  the material were taken from 
NUREG/CR-4658, "Aerosols Generated By S p i l l s  o f  Viscous Solutions 
a n d  S l u r r i e s " ,  Prepared by M. Y. Bal l inger  and W. H .  Hodgson, 
December 1986. A l e a s t  squares f i t  o f  the r e l e a s e  f r a c t i o n  as a 
function o f  v i s c o s i t y  was performed a n d  the d a t a  interpolated a t  
1 9  cent ipoise ,  the estimated v i s c o s i t y  for 207C Pond solut ion,  and 
extrapolated t o  50 and 400 cent ipoise ,  the estimated v i s c o s i t i e s  
o f  the sludge/brine solution for the 207C Pond and C l a r i f i e r  
respect ively .  
standard deviations,  t o  account for the uncertainty in the 
calculated fit f u n c t i o n ,  calculated a t  the appropriate v i s c o s i t y .  

The value used i s  the calculated value p l u s  two 

3 . 2 . 3  ATMOSPHERIC DISPERSION 

Local worker exposure assumes t h a t  the released material i s  
uniformly contained i n  1000 cubic meters o f  atmosphere for the 
c l a r i f i e r  brine/sludge mixture. 
f r e e  air  space i n  Tent 3 or 4 .  
immediate worker di lut ion volume for the s p i l l  o f  4 . 2  yd' (850 
gallons)  o f  pondcrete, a much smaller volume of  mater ia l .  For the 
207C Pond mater ia l ,  the brine solution will  be much l e s s  viscous 
and will  spread t h r o u g h  o u t  the e n t i r e  t e F t ;  therefore  the 
smallest t e n t  f r e e  space volume of 3360 rn wil l  be used. 

This i s  about one-third30f  the 
The d r a f t  SAR used 206 m for the 

A collocated worker i s  assumed t o  be 100 meters downwind under the 
most conservative meteorology conditions,  F S t a b i l i t y  Class w i t h  a 
w i n d  speed o f  1 meter/second. T h e  maximum exposed individual o f f -  
s i t e  i s  assumed t o  be 1900 meters w i t h  the same meteorology. 

In comparison, the draft SAR used 100-200  meter range for the on-  
s i t e  worker and 2000-2100 meter rznge for  the o f f - s i t e  public dose 
calculat ions  using the MACCS computer code. For the three 
accident conditions analyzed the draft S A R  used D s t a b i l i t y  c l a s s  
and 4 meters/second w i n d  speed, which i s  less conservative. 
However, t h e  draft SAR used F s t a b i l i t y  c l a s s  and one meter/second 
wind speed for the Hazard C l a s s i f i c a t i o n  Calculations.  
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3 . 2 . 4  EXPOSURE CALCULATIONS 

The ae ro so l i zed  re l ea sed  f r a c t i o n  o f  ;r,aterial i s  assumed t o  occur 
in s tantaneous ly  and p e r s i s t  f o r  15 minutes, a l l ow ing  a peak 15 
minute average concent rat ion  t o  be ca l cu l a ted .  The concent rat ioh  
o r  each hazardous chemical i s  then compared t o  the  t h r e s ho l d  limit 
value - time weighted average (TLV-TWA) prov ided  by the American 
Conference o f  Governmental I n d u s t r i a l  H y g i e n i s t s  (ACGIH). The u se  
o f  TLV-TWA i s  con se rva t i ve  f o r  acc ident  a n a l y s i s  purposes and i s  
c on s i s t en t  w i th  the methodology used i n  the  B u i l d i n g  910 hazard 
c l a s s i f i c a t i o n  and SAR, which was app rwed  by DOE. The TLV-TWA 
l im i t s  does not create any l i m i t a t i o n s  f o r  the 750 Pad ope ra t i on s  
and prov ides  an add i t i ona l  margin o f  s a f e t y .  

A s a f e t y  f r a c t i o n  i s  c a l c u l a t ed  a s  the  sum o f  the r a t i o s  o f  
chemical concent rat ion  t o  the TLV-TWA. Fo r  p u b l i c  exposure one- 
t en th  o f  the TLV-TWA was used i n  the  c a l c u l a t i o n  o f  the  s a f e t y  
f a c t o r .  tnese v z i u i s  hre  more con se rva l i ve  rnan  tnose  used i n  the 
d r a f t  SAR. The on-s ite worker and the p u b l i c  a re  assumed t o  be 
exposed t o  the hazardous mater ia l  a t  the maximum concent rat ion  
du r i ng  the e n t i r e  plume passage. 

- 

Rad i o l o g i c a l  exposure i s  assumed t o  occur through i n h a l a t i o n  o f  
the  r ad i o a c t i v e  ma te r i a l .  The breath ing  r a t e  f o r  the exposed 
popu la t i on  from the d r a f t  SAR was used. 
were taken f o r  s p e c i f i c  r ad i onuc l i de s  from the Federal Guidance 
Report  No .  11, L im i t i n g  Values o f  Rad ionuc l ide  I n take  and A i r  
Concentrat ion and DOSE Convers ion Factor s  f o r  i n ha l a t i o n .  
Submersion, and Ingestion. Gross k i p h a  was sssumed t o  be composed 
o f  plutonium-239 and g ro s s  beta plutonium-241. Exposure was 
ca l cu l a ted  6s the committed e f f e c t i v e  do se  equ iva lent  (CEDE). 

Dose conve r s i on  f a c t o r s  

The r e s u l t s  o f  these exposure c a l c u l a t i o n s  are shown i n  Table 1, 
Table 2 ,  and Table 3 f o r  the three s cena r i o s  eva luated.  Table 1 
i s  f o r  the 207C Pond Br ine/S ludge  mixture.  Table 2 i s  f o r  the 
C l a r i f i e r  Br ine/Sludge mixture ,  and Table 3 i s  f o r  the 207C Pond 
S o l u t i o n  on l y .  I n  a l l  c a se s ,  the safet), f r a c t i o n  o r  r a d i a t i o n  
exposure ca l cu l a ted  i s  sma l l e r  than the l a r g e s t  va lue  from the 
PIazard c l a s s i f i c a t i o n  o r  analyzed accident i n  the D r a f t  SGR. 
Thus,  the s to rage  o f  the b r i n e j s l udge  m ix tu re s  i s  w i t h i n  the 
bounding envelope ca l cu l a ted  i n  the D r a f t  SAR. 

4.0 CONCLUSIONS 

The s to rage  o f  b r ine/s ludge  mixtures  from the 207C pond and c l a r i f i e r  i n  
t ank s  on the 750 ‘ad i s  w i t h i n  the  sa fety  envelope ca l cu l a ted  f o r  the 
s to rage  o f  Pondcrete on the 750/904 Pads a s  presented i n  the D r a f t  SAR.  
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I Less than multiplier = i 7 1 Weston Solar Pond Sludge Data , 

I Weight ' mg&Q I mg,icg I m p k e  m g k g  ' m g h g  I 

I I 

Analyre I Molecular 1 207C-NW-5: 1 207C-NE-SL 1207C-SW-SL '207C-SE-SL I 207C-CP-SL 1 

2-Buranone, 7 2 . i 2  
Benzenr 7E 1 2  

Tc:ra~htorclethyirr i~ 165 E - ___ - ~~~ __ - 
Pyrene i 201.26 - 

Aluminum/ 26.98 ' 69.5 I 132 : 1330  I 82.4 1 97.2 1 

Enclosure 1 
SRK-022-94 
Page 20 of 35 

t Arsenic ~ 7d.S2 2 2  ' - 7 2 7  2 I 

Antimony/ 121.75 ' 10.1 ~ 12 1 I 13.6 j 12.1 1 

I Lithium' 6 . 9 L i  24 Y I . -  ?i 0 102 32.7 42.8 

, 6ariumI i 3 7 . 3 3  ' I 

LrrvltiuniI 9.012 ' 0.85 1 . I  ~ 17.6 I I 1.7 
5 . 7 5 E i 0 2  E.6EE+C2 1 1 . 0 1 E + O A  ~ 7.51E-02 8.535-02 ' 

Cadmium! 112.41 ~ 2.2 5.E 116 i 4.5 ' 5.E 
Boron as B(OH)4-' 7E.84 

Calciumi 40.OE ! 845 j -1010 i 1550 1010 7080 ' 
Chromitim! 5 i  ,996 ' 16 2.t.6 365 ' 13.2 17.6 

4.3  r c  -.I 7E 5.: 6.2 - -  . _  ._ - - :: 5 - -  . _ _ .  - _  
Ccpper 6?.54E 

^ ,  ^ - -  - -  r,- - -  ___ __- - .. . -  ,.- - 



' Average Average I kveraae Sludpe conc. Sludge conc. ' Water Conc. ' 
Analyte i 2 0 7 C  ~ 2 0 7 C  1 2 0 7 C  1 2 0 7 C  i 2 0 7 C  1 207C  , 

! m g k p  mplkp ~ m g k g  I rnelkp i mg/ i  1 mgiL ! 
2-Buranone : ' E.30E-02 8.30E-02 I S.3OE-02 ! 1.51E-01 ~ l.1OE-01 ' 

Benzene 1 7.00E-03 1 7.00E-03 7.00E-03 I l.27E-Of ~ 

I Lithium: 4.66Ei01 ~ 4.66:-0i : 4.66E+01 ' 8.SEE-01 
Magnesium I f.62E-C2 , 2.62 : -03  ~ 2.€2E+O3 ! 4.77E-03 2.67E-OC 
Manganese: 2.805 A 00 ~ 3.80E-00 3.80Ei00 ' 6.925-00 

Mercury1 1.45:-01 I 8.75E-01 5.10E-01 I S.75E-Oi , 8.26:-01 
Nickel! 7 .01ErO l  ' 3 . 7 2 E - G l  2.07E-0; , 3.73E-0; 3.77E+3; ~ 5 . 0 8 f - O C  

I Potassium! 2.53E+05 i E.29E+OC i .68E i 05 2.53E+05 I 5.06E-05 7.E7E-104 : 

i Silicon; 1.33E 7C3 ' i .33E - 03 1.33E-03 ! 1.42EiO3 ' 5.01:-01 
I Silver: 2.53E-00 , 5.2EE-Oi ' 2.77E-0.1 5.2EE-01 , 5.C3E-Oi I 

Sodium; E.02E-04 .29E - 05 ~ 1.095 -r 05  1 , 295  05 i .gsE-05 ~ 1.425-05 
5.0OE - oc ____ C,.C3E - CIC C.OOE -0s 0 .COE - 90 

. - . -  - -... ____ Setencm - - .-  



tiazard Ca.c;,arlon ;or Remediation of 207C Fond anC Ciar:fler t a i c .  lilo. 94-SiE-03: Sheer : 3  o! IC Sheets 

1 Ma  npa ne s e ! 2 . ? O E - O  i 5 .6 i  E-0.1 i . 2 5 E - C :  7 .i EE-06 7 .43E-OE 

I Release Fraction = 11 33'-06 Paw 221 
i Water Conc . 45% T D S  Soln i 45% T D S  Soln I I 45% T D S  Soln I 10000 pallon I Worker ' 
I to 45  wr% 7 3 5 '  - 5 %  Sludge I - 5% Siudpe - 5% Sluope Tank Spili Safely 

Analyre I 207C i Conc ! 4500001 pal 10000 p6! Tk 1 Worker ! Fraction ~ 

2-auranonei 1.5SE-01 : 1.63E-01 j 1.7EE-01 ~ 6 . 1 6 E - C C  ' 3.55E-06 : 6.02:-02 ' 

moiL I mg/L ! KG 1 ,  KC- 1 mg/m3 expmLV-TWk 

Benzene 6.37:-04 I 1.03E-03 7.335-35 7.32E-OS 4.12E-10 , 

c,?:'.[.;i I  

Pyrene! ~ 1.E5E-02 ~ 2.9OE-02 ' 6.13E-04 5.5EE-07 ' C . O O E i 0 0  ~ 

Aluminum I ' 2.17E+01 I 3.70E+01 I E.21E-01 i 4.72E-04 i 2.36E-04 ~ 

Terrac h1o:oethylene E . 7 C E - 0 4  , ! . r9E-C3 j.22E-05 1 .SlE-CS 5.63:-1 1 

- Trichloroet hylene E .2SE-04 E. .E6E-04 1,57F.L?5 1 .i 2E-OS 

Antimonyi : 1.08E+O0 ~ 1.85E+00 1 I 4.10E-02 j 2.36E-05 I 4.72E-05 i 

Barium1 ,.24E-01 2.2515-00 j S . E 3 E + 0 0  ' ' 6.525-02 ' 4.E9E-05 ' 9.7EE-05 : 

2.73E-01 ! 4.60E-Ct; 1.02E-02 5.EEE-06 7.9CE-03 ' 

Arsenic: 6.i3E-00 7 . G t E  - 00 i .23E - C i  ' 2.66E-0.1 1.53:-04 7.65E-04 

2.03Ea02 I 1.17E-01 : 1.17E-01 ~ 

Cadmium: S.35E-01 3.73: 7 30 6.3lE-00 I 1.40E-0i ~ E.05:-OS 1.61E-03 1 I 
Calcium ! 9 . 4 6 E i O l  ~ 1.51E+O7 i 3.585i00 ' 2.06E-03 2.06E-04 

Chromium: 5.E7E +OC 3.23: +oi 5.50E + O i  I 1 1 .13E + 0 0 '  7.02E-OL 1.00E-01 
Copper, i .O i  E + C 1  :.C?E-O! i .SEE -01 4. i 3:-0 1 2 . 3  &E-04 2.2s:-04 

. . . - - ,  -. - . - -  . . . =.r., 
' -  _ -  ~ - - - - .  - . -. . _ - _  - - ^ -  . - - -  - m- - -  - r r -  - - _ _ C -  - . -_  - -  I . _  - 

Mercury i 4.4 iE -C2  . 7.53E-02 i ,675-33 9.61 E-07 !? .El€-05 
Nickei ~ 7.59: - 03 S.C2E-OC I . . 3 - T T C - I  ~ ; . L I E - 0 ;  1.9 EE-or : .90E-OL 

Potassium , 1.1 7E - 05 1.255-05 . 2 .155 -05  4.79: - c3  f . 7 5 E - C ;  , 2.75E.O; 
Silicon: 4 . S S E i O l  i .5SE - 0 2  -.  5 69E-~C,2  5.SSE 7 00 3.445-CL ; 2.4;E.oL 

, - I -  

Silver, 2.40 :  -7 0% 4.0EE T 00 C.OSE-C2 , 5.21E-05 5.27 , E-03 I ' 1 
Sodium 2.;2E-05 2 .  : i E - 05 3.50: + 05 7 .09E-C?  , 4 . E 9 E i C 3  -. 29E-3' 

35 
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- 
Pyrenei 2.OlE-04 ! 3.89E-07 0 . O O E -  00 ~ 2.22:-OE 

Aluminum1 1.65E-01 5.11E-04 ~ 2.56E-04 I 2.93E-05 ~ 

Antimony/ l.33E-02 : 1.56E-05 ~ 5.12E-05 1 1.47E-OE 
Arsenic, e.60E-C2 , 1.66E.O; E .3CE-04 0.53E-06 

. ~~ Barium1 2.75E-02 : 5.2lE-05 ' i .06E-04 ~ 3.OSE-Ot 

Saletv Off-site I 45% TDS s3in Worker Safety Co-locared 
' Fraction ~ lndiwdual 

I ~~ ~~~~~~ 

Analyte I - 5 O k  sludae i Exposure 1 Fraction ' WorAer 
I KG mgim3 exDTTLV-TW/; ~ mQ/m? expTTLV-' ,Vk lT 

~~~ ~~~ 

1.01 E-09 z ,745. 1 c 

2.22.E-12 

1.47E-05 1.34E-07 
G.GOE 7 00 

2.93E-06 ~ 6.71E-C9 
L.75E-05 4.35E-OS 
6.08E-OE 1 1.39E-OE 

~~ 

6eryIIium 1 3.3 7 E-GS 6.3E E-OE 3.1 9E-03 5 .65 i -07  ? . E 3 E - O 4  ' ,675-010 
Boron as E(OC1)4-, 6.565 7 01  1 .?7E-01 i .27E-Oi 7.25E-03 7.25E-OS 3.22E-05 

7- 

Cadmium! 4.53E-CT E.74E-05 i .75E-03 ' 5.00:-06 1.00E-04 ~ f.19E-OE 
Calcium i .1 6 E  + O S  I 1.23E-03 2.23E-04 1.1EE-04 1.2EE-05 I 5.86:-07 
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1 

! I I SRK-0 2 2-94 
MOI I I I Page 24 of 35 

I Safety  

1 expl(0 1 'TWA) mglm?. 1 mpim3 
Analyte 1 Fraction TLV-TWA 1 TLV-STEL 1 

2-Butanone i 71 E - 1  1 5 9 0  ' 8 8 5  
Benzene 1 i7E-12  32 I 

Terrachloroerhylene : 6 O i - i  3 3 2 3  ; 757 ____- 
Trichloroethylene 235 1 3 :E5 1070 

Pyrene I 0 OOE t 00 
Aluminum1 6 72E-07 1 2 I /as  & I  soulble salts 
Antimony! 1.34E-07 I 0.5 I /as  S b  compounds 

Arsenic1 2 18E-OE 0.2 e5  A s  

Barium1 2 79E-07 0 5  i a s  E a  
Beryllium' E 37E-06 0 0 0 2  as Er 

- 

Eoron as  B(OH)d- 3.32E-04 1 ( a s  borare 

Cadmium; 4 58E-06 ' C 05 las Cd I 
Calcium 1 5 86E-07 10 1 2 s  carbonate or siiicare 

Chromium t 4 005-05 0 05 tas Cr (VI1 
Copper 0 765-07 I a s  Cu aus: L rrcis: - , c z  r- E C  = c  cc' -: c c . ' * <  - - - <  1.7- 

e -  '+ incirc ous: d furne- I -- Leadl 5 t7E-07 C ? E  
Lithium 1 2.50E-OE 10 ' P N O C  

Magnesium, 1 44E-06 io I M g 3  f u m e  
Manganese 1 4 08E-09 5 1 2s lvln ovs: Cr cornuounds 

Mercury/ 2.74E-07 0 01 3.c3 es  Hg skir 6 alkvl compourds 
Nickel E.59E-07 e s  h inso,ubie cornuounas 

Silicont 9.79E-07 10 
Potzssium, 7 S2E-04 10 I =NOC 

preciDitaIec siiice 

1 
I 

_ _ ~  i Nitrire I O.COE - 00 
I Nirrare O.OOE - 00 

Sodium 1 : 31 E-3? 1c PPI3C 

I Carbonate' 0.30E 7 03 
ElcarDonate C.OOE - 00 
Phosphorus i O.OOE - 00 

1 

I I 
I 
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” QA RECORD WHEN COMPLETED ** 

NUCLEAR SAFETY ENGINEERING CALCULATION 
GENERAL CHECKING CRlTERIA 
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Hand Calculation Checklist: --- Yes No NIA Comments 

r/ 1.  Are analytical methods appropriate? --- 
2. Are assumptions correct? --- 
3. Is calculation complete? --- 
4. Is calculation mather;la!icaliy acciira.le? --- 

/ 

J 

/ 

5. Do calculational parameters comply 
with design criteriddimensions? 

6. Were input data appropriate? 

7. Does the calculation reference or list 
applicable assumptions and major 
equation sources? 

Corncuter Code Checklis!: 

1. Was an applicable and valid computer 
program used?’ 

2. Are assumptions in input correct? 

3. 

4. 

Was the input entered correctly? 

Do the output results seem reasonable? , --- 

Additional Comments: 

When stored on floppy disk: confirm ihat the controlled wotinc copy of the appiicabie 
diskette was checked out. 

NS-040, Rev. 0.  (09/09.%) 
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